Management and scheduling of irrigation water requires consideration of evapotranspiration, one of the most important hydrological variables. This study investigates the variations in the daily potential evapotranspiration (ET 0 ), and its aerodynamic (ET a ) and radiometric (ET r ) components in three areas (western, central and eastern) of the Inner Mongolia Autonomous Region (IMAR) during the growing season (April-September, 2007). In this study, a data-driven approach was followed, and the wavelet transformation analysis method was used to investigate the evapotranspiration characteristics of a relatively large geographic region. The results show that there are close correlations in the variations of ET 0 with those of ET a and ET r . For the western area of the IMAR, the timing of the largest ET a is 1 month earlier and its wave period is 10 days shorter than those of ET 0 and ET r . For the central area, the wave period of ET a is 20 days shorter, and the timing of the largest ET a is approximately 1 month earlier than those of ET 0 and ET r . For the eastern area, there are two large fluctuations in ET a , and they occur 1 month earlier than those of ET 0 .
INTRODUCTION
The reference crop evapotranspiration (ET 0 The major factors that affect ET 0 are elevation, latitude and longitude, meteorological conditions, land use (land cover) and changing climatic conditions at different spatiotemporal scales (Jhajharia et al. , a, b) .
Many studies have analysed the methods of estimating ET 0 and their validity in different parts of the world ( Jhajharia et al. a, b, , a, b) . Further, ET 0 has been evaluated in the context of its spatial and temporal variations. For instance, Thomas () analysed the spatial and temporal characteristics of the ET 0 trends across China. Jhajharia et al. () found that the reduction in ET 0 in the humid region of northeast India was mainly due to the net radiation and wind speed. In assessing a monthly reference the temperature, on a regional scale. Using the parametric t-test and the non-parametric Mann-Kendall test, Xu et al. 
Study area
The The data include: (1) the mean air temperature, (2) the minimum and maximum air temperatures, (3) the mean relative humidity, (4) the mean wind speed and (5) the sunshine hours. Using all these data, the daily ET 0 , ET r and ET a were calculated using the FAO Penman-Monteith model (Allen et al. ):
where ET 0 is the daily reference crop evapotranspiration rate (mm/d); R n is the net radiation at canopy surface (MJ/m 2 /day); G is the soil heat flux at the soil surface (MJ/m 2 /day); T is the mean daily air temperature ( W C); γ is the psychometric constant (kPa W /C); U 2 is the mean daily wind speed at 2.0 m height (m/s); e s is the mean saturation vapor-pressure (kPa); e a is the mean actual vapour-pressure (kPa); (e s Àe a ) is the saturated vapour pressure deficit (kPa);
and Δ is the slope of the saturated vapour pressures tempera-
In this study, as the Penman-Monteith method requires 2 m high wind speed, the recorded 10 m high wind speed has therefore been rescaled to 2 m wind speed. While it is difficult to account for the many factors (e.g. land surface types and vegetation) that affect a wind profile, the logarithmic wind speed profile has been used in this study, calculated as:
where h is the height above the ground surface. Equation (2) is recommended for a surface with short grass (Allen et al.
; Gong et al. ; McVicar et al. ).
In the Penman-Monteith formula (Equation (1)), the ET 0 is divided into two components, i.e. radiometric (ET r ) and aerodynamic (ET a ) as shown in Equation (3). Both components, ET r (Equation (4)) and ET a (Equation (5)), have been analysed in order to assess the ET 0 variations.
Wavelet transform theory
The wavelet function ψ(x) can be defined as Ð þ∞ À∞ ψ(x)dx ¼ 0. A continuous wavelet can be obtained by compressing and expanding ψ(x):
where a is either a scale factor or a frequency factor, b is the time factor and R is the domain of real numbers.
If ψ a,b (x) satisfies Equation (3) either for the ET 0 -time
or for a finite energy signal, the continuous wavelet transform of the time-series f(x) is defined as:
where W In case of a real function, the wavelet transform can be written as:
where Δx is the sampling interval and N is the number of sampling points.
Mexican hat wavelet
The Mexican hat mother wavelet (Fu ) is one of the most widely used wavelets because of its satisfactory performance. It is the second derivative of the Gaussian distribution function. It can be mathematically defined as:
The wave transform coefficients W f (a, b) can be obtained by combining Equations (5) The wavelet transform variance is the integral of the square of W f (a, b) for a at the time-scale b, as follows:
The variation of wavelet variance with the scale a can be shown in a wavelet variance plot, which shows the fluctuation of energy distribution with the scale a. The wavelet variance plot can be used to determine the time-scale of main period of the ET 0 time-series.
To reduce the interface effect in the wavelet analysis, the most commonly used method is to extend the time-series in both the forward and backward directions. After the wavelet transform, the part of the series being extended can then be abandoned.
Let the time-series be:
where N is the length of sampling.
By extending the time-series N in the forward direction, the time-series becomes:
By extending the time-series N in the backward direction, the time-series becomes: for the ET 0 and ET r in the eastern area, there are three abrupt changes and three transitions. For the ET a in the eastern area, the wave period is approximately 25 days.
The findings from this study can be used to improve the ET 0 -estimation at both regional and local scales. They can also be used as a technical support for irrigation water management decisions and scheduling. This study has shown that using the wavelet transformation method to analyse ET 0 enables a more rational understanding of the regional differences in ET 0 , ET a and ET r .
While this study has used the wavelet transform method to carry out a comprehensive evaluation of ET 0 , ET a and ET r so as to rationally understand the evapotranspiration 
